The conjugated lipids of connective tissue of the rat and rabbit obtained by the sponge-biopsy technic and the aortic intima of the rabbit were divided into two portions by differential saline solubility and the saline-soluble portion was further fiiictionated into the alpha and beta fractions of Colin. No apparent relationship was observed between the protein, amino acids or lipids of the serum and the connective tissue of the rabbit. The sponge-connective tissue differed from the aortic intima in certain respects but appeared to be similar in the saline-insoluble fractions of amino acid and cholesterol. The effects of sex and age upon connective tissue of the rat is described. C ONNECTIVE tissue is a lipid-rich structure with certain unique features in its concentration of cholesterol, both total and esterified. 1 Because the intima of the vascular tree is connective tissue primarily and because of the overt implications being cast toward aberrances of conjugated serum lipoproteins in the problem of atherosclerosis, the conjugated lipids of the stripped intima of the aorta and of connective tissue of the rat and the rabbit were fractionated by the method of Cohn 2 and analyzed. The amino acids and the lipids of the alpha and beta fractions of (John and of the residue fraction were determined. These results were analyzed as to the effect of age and sex upon the concentrations of amino acids and lipids.
The conjugated lipids of connective tissue of the rat and rabbit obtained by the sponge-biopsy technic and the aortic intima of the rabbit were divided into two portions by differential saline solubility and the saline-soluble portion was further fiiictionated into the alpha and beta fractions of Colin. No apparent relationship was observed between the protein, amino acids or lipids of the serum and the connective tissue of the rabbit. The sponge-connective tissue differed from the aortic intima in certain respects but appeared to be similar in the saline-insoluble fractions of amino acid and cholesterol. The effects of sex and age upon connective tissue of the rat is described. C ONNECTIVE tissue is a lipid-rich structure with certain unique features in its concentration of cholesterol, both total and esterified. 1 Because the intima of the vascular tree is connective tissue primarily and because of the overt implications being cast toward aberrances of conjugated serum lipoproteins in the problem of atherosclerosis, the conjugated lipids of the stripped intima of the aorta and of connective tissue of the rat and the rabbit were fractionated by the method of Cohn 2 and analyzed. The amino acids and the lipids of the alpha and beta fractions of (John and of the residue fraction were determined. These results were analyzed as to the effect of age and sex upon the concentrations of amino acids and lipids. METHODS The technic of the sponge-biopsy for procurement of connective tissue samples, which has been described in full in previous publications'* was used throughout the present reported experiments.
Rabbits were sacrificed by air embolization, the aorta removed, opened and the intima* resected. The intima with a rim of media was separated from the media of the aorta by blunt dissection, sectioned and a piece examined histologically for identifica-From the Research Laboratories of the Miami Heart Institute, Miami, Fla.
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Received for publication May 17, 1955. * Intima in this paper refers to aortic intima with a rim of media and will be designated by italics. tion. "Intimal" tissue from several rabbits of the same sex was pooled so that sufficient tissue would be available for the fractionation procedure, i.e. 500 to 600 mg.
After removal of the connective tissue, it was immediately weighed, frozen, crushed and mixed as described previously, 1 and homogenized in normal saline in the Vir-Tis Homogenizer with the varial setting at SO for five minutes. The homogenates were then centrifuged at room temperature at 2,500 rotations per minute for 20 minutes to separate the saline-soluble and insoluble proteins. The soluble supernatant was fractionated after the method of Colin. The beta fraction (precipitates I, II, and III) was precipitated at 5 C. from an ethanol-water mixture containing an acetate buffer of pH 4.0 and ionic strength of O.S. The alpha fraction (precipitates IV and V) was precipitated from the remaining saline-soluble material of the spongebiopsy with an ethanol-water solution containing zinc acetate.
The lipids were extracted from the alpha and beta fractions, as well as from the residue, with hot alcohol-ether solution and the following determinations made on each extract: (a) total fatty acids; (b) phospholipids, choline-containing and total; (e) cholesterol, total and esterified. The procedures used have been previously described in detail. 1 
-'
Because of the small amount of the Cohn alpha fraction of connective tissue, it was impossible to complete the amino acid study on this fraction; consequently the defatted-alpha and -beta fractions were recombined prior to amino acid assay. Amino acid studies were, therefore, made on the residue and the combined alpha and beta fractions.
Sera of the rat and rabbit were also chemically fractionated into the alpha and beta portions, and these two fractions were studied in parallel with the connective tissue fractions of the sponge-biopsy and intima. Determinations of total and ester cholesterol, total and eholine-containing phospholipids, protein, and 19 amino acids were made 520 CONJUGATED LIPIDS OF CONNECTIVE TISSUE on the two serum fractions by the same procedures used for connective tissue.
The dried defatted proteins of each fraction were divided into two portions. Ninety per cent of the sample was hydrolyzed overnight with 6N HC1 and the remainder with 5N NaOH at 110 C. in a sealed pyrex tube. The humin in the acid hydrolysate was removed by nitration and HC1 was evaporated on a steam bath. Hydrolysates were adjusted to pH 7 and stored under toluene prior to amino acid determination.
Eighteen of the amino acids were quantitated microbiologieally using a uniform medium of Henderson. 4 Hydroxyproline was determined colorimetrically. 6 Streptococcus faeealis R (ATCC 8043) was used for methionine, aiginine, histidine and threonine. Leiiconostoc mesenteroides strain p-60 (ATCC S042) was used for isoleucine, proline, tyrosine, lysine, aspartic acid, glycine, serine and cystine. LaclobacUlus plantarum (Arabinosus) strain 17-5 (ATCC S014) was used for leucine, phenylalanine, valine, glutamic acid, alanine and tryptophan. Glutamine was added to each tube for the glutamic acid assay." Vitamin B 6 was omitted from the medium for the alanine assay. 7 Protein was calculated from a nitrogen determination by the Conway microdiffusion method 8 after micro-Kjeldahl digestion. 9 The amino acid results were calculated as grams of nitrogen per 100 grams of protein nitrogen.
RESULTS

Distribution of protein.
In the serum of the rat, the bulk of the protein is located in the alpha fraction. The order of protein concentrations for the alpha and beta fractions in the serum is 5 to 1 or 6 to 1. Connective tissue obtained from the sponge-biopsy has equal concentrations of protein in the residue, salineinsoluble fraction, and in the combined alphabeta saline-soluble fraction. The distribution of protein between the alpha and beta fractions in the rat connective tissue is just the reverse of that in the serum with an order of concentration of 1 to 5 or 1 to 4. The serum and tissue of the rabbit, however, contain essentially the same protein distribution in the alpha and beta fractions.
Distribution of lipids. Table 1 gives the results of the lipid determinations on connective tissue obtained from 10 female and 9 male rats. The age of the tissue varied from 22 to 359 days in the female and 20 to 163 days in the male. Insignificant amounts of lipids were found in the alpha fraction of both sexes. The lipids are Figures represent mean values of 10 female and 9 male rata with standard errors of the mean.
• p values -or < 0.05 divided between the saline-soluble beta fraction and the saline-insoluble residue fraction, with the greater concentration in the former. This larger concentration of the lipids in the beta fraction of connective tissue is not due to any single one of the lipids determined or calculated but is due to greater concentrations of all lipids, i.e. phospholipid, cholesterol, neutral fat and total lipid. The tissue obtained from the female rat is richer in its concentration of lipids than the tissue of the male rat. This significant sex difference as indicated in Table 1 is due to significantly higher concentrations of cholesterol and neutral fat in the female. The distribution of lipids in 14 to 200 day-old connective tissue from 5 female and 10 male rabbits is similar to that observed in the rat. The beta fraction of the connective tissue of the female rabbit contains twice the lipid concentration of the residue fraction. This difference between the two fractions is not seen in the tissue of the male rabbit.
Distribution of the ammo adds. The connective tissue obtained from sponges implanted for 60, 90,110,125 and 160 days in the male and female rat, and from sponges implanted for 60 days in a male and female rabbit, was analyzed for 19 amino acids. Table 2 shows the amino acid distribution in the connective tissue and serum of the rat. The amino acids are arranged in the order of descending magnitude for values obtained from the residue fraction. The most prominent amino acids in the residue are glycine, arginine, proline, alanine and hydroxyproline. Hydroxyproline is unique for the residue fraction, while the sulfur-containing amino acids, methionine and cystine, are found in low or trace amounts in this fraction. Tyrosine and tryptophan are absent or present only in trace amounts in the residue. The concentrations of the amino acids of the saline-soluble fraction, i.e., the alpha-beta of rat connective tissue, are not similar to those of the residue. The chief differences are the absence of hydroxyproline, a markedly lower concentration of glycine, proline, arginine and an increased concentration of glutamic acid, valine, threonine, phenylalanine, methionine, histidine, cystine and tyrosine in the alphabeta fraction.
The distribution of the amino acids in the serum of the rat resembles closely that which is found in the saline-soluble alpha-beta fraction of the tissue with the exception of leucine, cystine and tyrosine, which are found in greater quantities in the serum.
Sex differences of eminective tissue in the rat and rabbit. Sex differences in the amino acid composition of rat connective tissue are seen in the older tissues, i.e. tissues obtained 125 to 160 days after implantation of the sponge. Glycine, hydroxyproline, and lysine, which are generally considered as characteristic amino acids of collagen, are greater in concentration in the male than in the female. Threonine, leucine, and cystine are found in greater concentrations in both the residue and the alpha-beta fraction of the connective tissue of the female.
The tissue of the female rat is significantly richer in cholesterol, both total and esterified, than the connective tissue of the male rat (table 1) . This difference is observed in both fractions, i.e., the beta and the residue. No such sex differences in the lipids of the rabbit tissue were noted.
Effect of age upon connective tissue in the rat and rabbit. The amino acid concentrations of rat connective tissue change with age: The sulfur-containing amino acids, methionine and cystine, increase in the residue fraction of the male connective tissue; lysine increases in the alpha-beta fraction while proline and phenylalanine decrease. In contrast there is a lack of change with age in the female rat tissue, with the exception of an increase of cystine in the residue.
The tissues obtained from the female rat and the male rabbit change significantly in the lipid concentration with tissue age. The older tissues have increased concentrations of total and ester cholesterol and of neutral fat. These significant changes occur in both the beta and residue fractions of the connective tissue. In the male rabbit tissue, significant increases in the concentrations of total (r = 0.96, p < 0.02) and choline-containing phospholipids (r = 0.95, p < 0.02) in the beta fraction occur with age.
Comparison of the conjugated lipids of the connective tissue from the sponge-biopsy and the intima of the rabbit aorta. The concentrations of protein of the rabbit serum, sponge-connec-522 CONJUGATED LIPIDS OF CONNECTIVE TISSUE tive tissue and aorta appear to be unrelated, yet some of the lipids, notably cholesterol, are similar in concentration, particularly in the residue fractions (table 3) . The beta fractions of the sponge-connective tissue and the intima differ in the quantity of both protein and lipids. The intima contains no measurable neutral fat whereas the sponge-tissue is rich in neutral fat.
The concentrations of the amino acids (table 4) of the sponge-connective tissue and the intima of the aorta are fundamentally similar, particularly in the residue fractions. The hydroxyproline value is greater in the residue of the 60 day-old sponge-connective tissue than in the intima. Major differences in the alphabeta fraction of the two tissues are noted in the concentrations of glycine, valine, aspartic acid, glutamic acid, threonine and histidine. The amino acids cited above are present in greater concentrations in the alpha-beta fraction of the sponge-connective tissue.
DISCUSSION
The proteins, lipids and amino acids of the serum and the connective tissue have certain biochemical characteristics which are reproducible and distinctive. These features do not suggest any passive relationship. An excellent example of the lack of relationship between the serum and the connective tissue is the observed difference between the protein fractions of the serum and the tissue. The disparity between serum and tissue lipids has been previously reported. 1 Some relationship however exists apparently between the concentration of the amino acids of the alpha-beta fraction of the serum and of the tissue.
The separation of the lipids and the proteins by differential saline solubility permits the division of connective tissue into a residue fraction, which has the characteristics of the scleroprotein, collagen, and the alpha and beta fractions, which apparently contain the ground substance. Such a separation is of importance since little is known of the chemistry of the ground substance.
The similarity between the residue fractions of connective, tissue obtained from two different sites, i.e. the subcutaneous sponge-connective tissue and the intima of the aorta, is striking. The dissimilarity between the beta fractions of the two tissues is equally striking.
The lipids of connective tissue are divided between the beta and residue fractions. The alpha fraction contains no appreciable amount of lipid. With increasing age of the connective tissue of the sponge-biopsy, the concentration of the lipids increases, and this increase occurs in the residue or collagen fraction as well as in the beta or ground substance. The older tissues have increased concentrations of total and ester cholesterol and of neutral fat.
The amino acids of the residue or collagen are of interest in many respects. One characteristic is the presence of large concentrations of the amino acids which comprise the arginine, proline, glutamic acid, aspartic acid and hydroxyproline cycle. These amino acids comprise almost 40 per cent of the residue fraction. The sulfur-containing amino acids, methionine and cystine, are found in trace amounts in the residue. However, in the tissue of the male rat both amino acids increase with the tissue age. The tissue obtained from the female rat differs in that only cystine increases with age and this increase is confined to the residue fraction.
A known lipotrophic amino acid, such as methionine, does not increase in concentration in the female rat connective tissue yet in the male an increase is noted. Total lipids of the female connective tissue increase with the age of the tissue and the increase is attributable to neutral fat and cholesterol. No such increase is observed in the aging tissue of the male rat. A possible relationship between the proteins, or in particular the amino acids, and the lipids in this instance may exist. Leucine, a socalled kctogenic amino acid, increases in concentration with age in the female tissues, and leucine has recently been reported to be a precursor of cholesterol. 10 The intima of the male rabbits reveals quantitative differences in the concentration of the amino acids from the sponge-connective tissue. However, qualitatively, a similarity exists, particularly in the residue fractions. The concentration of hydroxyproline of the intima is sur-prisingly low for a tissue which is thought to be collagenous in nature. The large amount of protein found in the intima, particularly the residue or saline-insoluble fraction, would appear to indicate that the bulk of this represents a non-collagen protein. The data also appear to support the concept that this protein is relatively lipid-poor when compared to the lipidand hydroxyproline-rich residue of the spongebiopsy. Future studies are designed to identify this protein more definitely.
A comparison of the lipids of the spongeconnective tissue, the intima and serum is revealing. The sponge-connective tissue and the intima are similar in the concentrations of phospholipid and cholesterol in the residue fraction. The lipids of the beta fraction are far higher in the sponge-connective tissue. This is not surprising and does not negate the premise upon which the sponge-connective tissue-biopsy technique was formed. The loose connective tissue of the sponge-biopsy presumably acts as a type of a fat depot. The similarity of residue lipids, particularly cholesterol, between the sponge-biopsy and the intima, is noted and forms the substance of work in progress. The serum lipids bear no striking relationship to the tissue lipids of the intima or of the spongeconnective tissue. Even the cholesterol to phospholipid ratios of the serum and both tissues are dissimilar. SUMMARY The conjugated lipids of the serum of the rabbit do not appear to have any relationship to the conjugated lipids of the sponge-connective tissue or to the intima of the aorta.
Differential saline solubility appears to divide the connective tissue into a fraction containing amino acids characteristic of collagen and a fraction presumably representing ground substance.
The distribution of protein between the saline-soluble and -insoluble fraction of the serum, sponge-connective tissue and the aortic intivia of the rabbit differed and had no apparent relationship to the lipid concentration.
The connective tissue of the female rat differs from the male in its concentrations of amino acids and lipids in the "collagen fraction" and the "ground substance fraction."
The connective tissues obtained from the sponge-biopsy and from the intima of the aorta are similar in the concentrations of cholesterol and phospholipids in the residue or "collagen fraction." Qualitative similarities but quantitative differences are noted in the amino acid concentrations of the two tissues.
